This paper goes on our advanced quantitative studying results of a pollution dynamics for variations hydroecological systems, namely, the nitrates etc concentrations dynamics for a number of the Small Carpathians river's watersheds in the Eastern Slovakia. The different methods and algorithms of the chaos theory (chaos-geometric approach) and dynamical systems theory have been used in the advanced versions. New more exact data on chaotic behaviour of the nitrates concentration time series in the watersheds of the Small Carpathians are presented. In previous paper [1] to reconstruct the corresponding attractor, the time delay and embedding dimension have been needed and computed. The parameters are determined by the methods of autocorrelation function and average mutual information. Besides, there are used the advanced versions of the correlation dimension method and algorithm of false nearest neighbours. The Fourier spectrum of the concentration of nitrates in the water catchment area Ondava: Stropkov for the period 1969 -1996 is listed. Here we present new advanced data on the correlation dimension (d 2 ), embedding dimension (d E ), Kaplan-Yorke dimension (d L ), average limit of predictability (Pr max ) and parameter K for the nitrates concentrations in the watersheds of the Small Carpathians.
INTRODUCTION
This paper goes on our advanced quantitative studying results of a pollution dynamics for variations hydroecological systems, namely, the nitrates etc concentrations dynamics for a number of the Small Carpathians river's watersheds in the Eastern Slovakia. The different methods and algorithms of the chaos theory (chaosgeometric approach) and dynamical systems theory have been used in the advanced versions. New more exact data on chaotic behaviour of the nitrates concentration time series in the watersheds of the Small Carpathians are presented. In previous paper [1] to reconstruct the corresponding attractor, the time delay and embedding dimension have been needed and computed. The parameters are determined by the methods of autocorrelation function and average mutual information. Besides, there are used the advanced versions of the correlation dimension method and algorithm of false nearest neighbours. The Fourier spectrum of the concentration of nitrates in the water catchment area Ondava: Stropkov for the period 1969 -1996 is listed.
As usually let us remind that many studies in various fields of science have appeared, where chaos theory was applied to a great number of systems [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The studies concerning non-linear behaviour in the time series of atmospheric constituent concentrations are sparse, and their outcomes are ambiguous. In refs. [5, 6] there is an analysis of the NO 2 , CO, O 3 concentrations time series and is not received an evidence of chaos. In refs. [2, 10, 12] there is an analysis of the NO 2 , CO, O 3 concentrations time series in the Gdansk and Trieste region and it has been definitely received the same. These studies show that chaos theory methodology can be applied and the short-range forecast by the non-linear prediction method can be satisfactory. It opens very attractive perspectives using the same methods in studying dynamics of pollution of other ecological and hydrological systems.
In this work we go on studying the pollutions dynamics of the hydrological systems, in particular, variations of the nitrates concentrations in the river's water reservoirs in the Earthen Slovakia [11, 12] by using the nonlinear prediction approaches and chaos theory method (in versions) [1] [2] [3] [4] [5] [13] [14] [15] [16] [17] [18] [19] [20] . Here we present new advanced data on the correlation dimension (d 2 ), embedding dimension (d E ), Kaplan-Yorke dimension (d L ), average limit of predictability (Pr max ) and parameter K for the nitrates concentrations in the watersheds of the Small Carpathians.
CHAOS IN TIME SERIES OF CONCENTRATIONS

The input data
As the initial data we use the results of empirical observations made on six watersheds ( fig.1 )in the region of the Small Carpathians, carried out by co-workers of the Institute of Hydrology of the Slovak Academy of Sciences [21, 22] . Fig.2 shows the temporal changes in the concentrations of nitrates in the catchment areas. Table 1 presents some of the important statistics (coordinates of sites 6 and 9 are 5424'54''N, 1834'47''E and 5429'40''N, 1833'15''E) [2] . In fig. 3 we list the Fourier spectrum of the concentration of nitrates in the water catchment area Ondava: Stropkov for the period 1969 -1996. The X-axis -frequency, the axis Y -energy. The
As usually, we consider scalar measurements s(n)=s(t 0 + nt) = s(n), where t 0 is a start time, t is time step, and n is number of the measurements. In a general case, s(n) is any time series (f.e. pollutants concentration). As processes resulting in a chaotic behaviour are fundamentally multivariate, one needs to reconstruct phase space using as well as possible information contained in s(n). Such reconstruction results in set of ddimensional vectors y(n) replacing scalar measurements. The main idea is that direct use of lagged variables s(n+), where  is some integer to be defined, results in a coordinate system where a structure of orbits in phase. 
Advanced computing results
In Ref. [1] we have the time delay, embedding dimension and other parameters by the methods of autocorrelation function and average mutual information as well as the advanced versions of the correlation dimension method and algorithm of false nearest neighbours. We have listed the Fourier spectrum of the concentration of nitrates in the water catchment area Ondava: Stropkov for the period 1969 -1996. Using these results, further we have computed the correlation dimension (d 2 ), embedding dimension (d E ), Kaplan-Yorke dimension (d L ), aver age limit of predictability (Pr max ) and parameter K for the nitrates concentrations in in the watersheds of the Small Carpathians. The corresponding data are listed in the Table 1 . We also note that the length and discrete time series in Table 1 are different, namely, for the first time series time step of 1 month to the next five -half a month, and for the last four -one night;  and Pr max have the corresponding dimensions. As it is indicated, the sum of the positive Lyapunov's exponents  i determines the Kolmogorov entropy, which is inversely proportional to the limit of predictability (Pr max ). Let us remind since the conversion rate of the sphere into an ellipsoid along different axes is determined by the  i , it is clear that the smaller the amount of positive dimensions, the more stable is a dynamic system. River (Site) The presence of the two (from six) positive  i suggests the system broadens in the line of two axes and converges along four axes that in the six-dimensional space. Our data show that the greatest degree of predictability is observed for the time series of nitrates in the watershed Gidra (Main) (fourteen slots, i.e. seven months), and in other cases the limit of predictability is slightly less. Such predictability is quite sufficient for the prediction of pollution.
NONLINEAR PREDICTION MODEL
First of all, it's important to define how predictable is a chaotic system? The predictability can be estimated by the Kolmogorov entropy, which is proportional to a sum of the positive Lyapunov's exponents. The spectrum of Lyapunov's exponents is one of dynamical invariants for non-linear system with chaotic behaviour. The limited predictability of the chaos is quantified by the local and global Lyapunov's exponents, which can be determined from measurements. The Lyapunov's exponents are related to the eigen values of the linearized dynamics across the attractor. Negative values show stable behaviour while positive values show local unstable behaviour. For chaotic systems, being both stable and unstable, Lyapunov's exponents indicate the complexity of the dynamics. The largest positive value determines some average prediction limit. Since the Lyapunov's exponents are defined as asymptotic average rates, they are independent of the initial conditions, and hence the choice of trajectory, and they do comprise an invariant measure of the attractor. An estimate of this measure is a sum of the positive Lyapunov's exponents. The estimate of the attractor dimension is provided by the conjecture d L and the Lyapunov's exponents are taken in descending order. The dimension d L gives values close to the dimension estimates discussed earlier and is preferable when estimating high dimensions. To compute Lyapunov's exponents, we use a method with linear fitted map [1, 2] , although the maps with higher order polynomials can be used too. The sum of positive Lyapunov's exponents determines the Kolmogorov entropy, which is inversely proportional to the limit of predictability (Pr max ).
CONCLUSSIONS
In first part of the paper we present renewed quantitative studying results for the nitrates concentrations dynamics for a number of the Small Carpathians river's watersheds in the Earthen Slovakia. The different methods and algorithms of the chaos theory (chaos-geometric approach) and dynamical systems theory have been used in the advanced versions. New more exact data on chaotic behaviour of the nitrates concentration time series in the watersheds of the Small Carpathians are presented. To reconstruct the corresponding attractor, the time delay and embedding dimension are needed. We have presented present the combined and final data on the time lags (), correlation dimensions (d 2 ), embedding dimensions (d E ), Kaplan-Yorke dimensions (d L ), average limits of predictability (Pr max ) and the known chaos parameter K for the nitrates and sulphates concentrations time series in the watersheds of the Small Carpathians. On the basis of the advanced data we have definitely demonstrated the lowdimensional chaos in investigated time series , consider the advanced prediction model.
